)

o

-+ REPORT DOCUMENTATION PAGE

Form Approved
‘OMB No. 0704-0188 .

Public reporting burden for this collection of mformahon is estimated 1o average 1 hour per response, mcludmg the time for review ing instructions, searching exisling data sources, gathering
and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing this burden to Washmgion Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Hughw ay, Sune
1204, Arlington, VA 22202-4302, and Lo the Office of Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503. '

PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE

11/29/03

Final Report

3. DATES COVERED
1 May 1998 - 31 May 2001

4. TITLE AND SUBTITLE

Marine Mammal Health: Development of Immunodlagnostic v R :
and Viral Dlagnostlc Methodologles and Reagents '

§a. CONTRACT NUMBER

S5b. GRANT NUMBER

N0O0014-98-1-0602
SC.V PROGRAM ELEMENT NUMBER

6. AUTHOR(S} _ - e
B. L. Middlebrooks
R. A. Patterson .

5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S} AND ADDRESS(ES)

The Univérsity of Southern Mlssiss:Lppi
USM Box 5157 :
Hattiesburg, MS 39406

8. PERFORMING ORGANIZATION
REPORT NUMBER

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Offi.ce of Naval Reseatch
800 N.Quincy St.
" Arlington, VA 22217-5000-

10. SPONSOR/MONITOR'S ACRONYM(S)
ONR
11. SPONSOR/M ONXTOR'S RE’ORT
: NUMBER(S)

CERY

-] 12. DISTRIBUTION/AILABILITY STATEMENT

Di st ribution Unlimited

-§ 13. SUPPLEMENTARY NOTES - .-

20031217 242

mammals.

14. ABSTRACT Reagents and methods/procedures were developed to permit evaluation of general '
humoral immune status and immune status relative to specific pathégens in cetaceans marine
Immunog'lqvbulin isotypes IgGl, IgG2, IgA, and IgM were purified and poly- or

jmonoclonal antibodies specific for these isotypes were developed.
immunodiagnosis of past exposure to Erysipelothrix rhusiopathiae, a bacterial pathogen of

ELISA assays for

cetaceans, were developed.

Tissue culture lines from three species of cetaceans were
established and evaluated for virus susceptibility and culture characteristics.

15. SUBJECT TERMS -

dolphln, 1mmunogobu11n, tissue culture, 1mmunoassay, ELISA Vlrus, Ery31pe10thrix

16. SECURITY CLASSIFICATION OF:

a. REPORT' b. ABSTRACT |c. THIS PAGE

unclass |unclass junclass UL

17. UMITATION OF
ABSTRACT

18. NUMBER
OF
PAGES

192, NAME OF RESPONSIBLE PERSON
__ B.L. Middlebrooks |

4

19b. TELEPHONE NUMBER (include area cede)

(601) 266-4755

Standard Form 298 (Rev. 8/98)
Prescribed by ANSI Std. 238.18




FINAL REPORT

GRANT #: N00014-98-1-0602

PRINCIPAL INVESTIGATOR: Dr. B. L. Middlebrooks

INSTITUTION: The University of Southern Mississippi

GRANT TITLE: Marine Mammal Health: Dévelopment of Immunodiagnostié
and Viral Diagnostic Methodologies and Reagents

AWARD PERIOD: 1 MAY 98 - 13 NOV 00

OBJECTIVE: To develop reagents and methods/procedures to permit
evaluation of general humoral immune status and immune status relative
to specific pathogens in marine mammals (specifically bottlenose
dolphins); to develop marine mammal tissue culture lines for study of
viruses of marine mammals.

APPROACH: The approach to the overall objective included the following
sub-objectives: (1) Development of diagnostic antisera for major
immunoglobulin classes of three cetacean species, the bottlenose dolphin
(Tursiops truncatus), the Pacific white-sided dolphin (Lagenorhynchus
obligquidens) and the Beluga whale (Delphinapterus leuca); (2)
application of these diagnostic antisera in ELISA’s developed for
monltorlng immune status with respect to one of the most important
pathogens of captive dolphins, Erysipelothrix rhusiopathiae, . (3)
development and characterization of cetacean tissue culture lines for
use in isolation and characterization of viruses of cetaceans and for
diagnostic purposes.

ACCOMPLISHMENTS: -Sub-objective 1. Methodology for the purification of
three immunoglobulin classes/subclasses (IgG, including subclasses IgGl
and IgG2, and IgA) of Tursiops truncatus, was developed. Protein G,
Jacalin, and T-gel (thiophilic) affinity chromatography matrices were
succegsfully used to purify IgGl, IgA, and IgG2 respectively. The
methods were also demonstrated to be effective for purification of these
immunoglobulin isotypes from Lagenorhynchus obliguidens and
Delphinapterus leuca. Since no affinity column matrix (including a
mannan binding protein affinity column) was found which selectively
bound IgM, size exclusion chromatography or extraction of IgM from
polyacrylamlde gel electrophore51s bands were found to be the most
effective methods at present for purification of cetacean IgM. For
all three species of cetaceans New Zealand white rabbits were used to
produce polyclonal antisera specific for (a) whole serum, (b)
precipitated serum,’ (c) IgG whole molecule, and (d) gamma heavy chain.
Separate mouse hybridomas were developed which produce monoclonal '
antibodies against (a) the gamma heavy chain of IgG (reactive with both
IgGl and IgG2) and (b)the alpha heavy chain of IgA of T. truncatus
(insufficient amounts of available serum prevented production of
monoclonal antibodies specific for D. leuca and L. obliquidens isotypes.
Both the polyclonal and monoclonal antibodies were successfully used in
enzyme linked immunosorbent assays (ELISA) to guantitate IgG and IgA




levels in a group of wild dolphins and four groups of captlve dolphlns
Sub-objective 2.Seven wild isolates ‘of E. rhusiopathiae, including
four isolates from infected cetaceans at different marine mammal
facilities and three cultures obtained from the American Type Culture
Collection plus one culture of E. tonsillarum were employed. ‘A 64 kDa
protein which is highly conserved in all known strains of E. )
rhusiopathiae and which is reported to be the protectlve antlgen was
selected for use in an ELISA developed for monitoring antibody titers
against E. rhusiopathiae. The 64 kDa protein was extracted and purified
(on virtually a continuous basis) from cultured E. rhusiopathiae.
Rabbit or mouse antisera were produced against heat killed cultures of
the various E. rhusiopathiae strains and the extracted 64 kDa protein. -
An ELISA was developed using a mixture of surface antigens
extracted from the E. rhusiopathiae as the ELISA capture antigen and an
indicator system consisting of biotin labeled rabbit anti-Atlantic
bottlenose dolphin IgG, alkaline phosphatase labeled avidin and p-
nitrophenyl phosphate as the chomagenic substrate. The ELISA was used
to evaluate anti-E. rhusiopathiae titers in a series of serum samples
from captive Atlantic bottlenose dolphins. Titers were compared to
direct agglutination results using whole E. rhusiopathiae ¢ells. No
direct correlation was seen between the results of the two assays except
that higher titers were seen for animals housed in open ocean pens (as
opposed to closed water systems). Assays performed using mouse and
rabbit antisera as positive controls showed that the extracted E.
rhusiopathiae antigens were successful in detecting 1mmunoglobu11ns
specific for several isolates of Erysipelothrix rhusiopathiae and even

" an isolate of E. tonsillarum. It was also shown that the capture

antigen was specific for capturing anti- Erysipelothrix immunoglobulins
and not immunoglobulins produced against other closely related bacteria.
A second ELISA was developed using only the purified 64 kDa
antigen as capture antigen. Results of this ELISA showed a smaller
percent deviation within the assay and titers comparable to those
obtained using the extracted antigen mixture. The results of this assay
correlated with results of agglutination assays - (using latex beads
coated with E. rhusiopathiae antigen). .
Sub-objective 3. Six cell culture lines from three cetacean
species were developed and characterized. Cell lines derived from

‘Tursiops truncatus tissue include a line developed from kidney,

designated TurTruK, and lung tissue samples of two stillborn T.
truncatus calves, designated TurTruLul and TurTruLu2. " Cell lines

"derived from beluga whale (Delphinapterus leuca) tissue include lines

derived from the testis, designated DeLeuT, and a line derived from
brain tissue, designated DelLeuBr.  Cell lines derived from the
pantropical spotted dolphin (Stenella attenuata) include a line derived
from the lung, designated Sal5, and a line derived from the skin,
designated SaSk Each of the lines proved to be culturable through at
least 125 subcultures. Chromosome analysis indicated that all lines are
polyploid/aneuploid (ploidy as high as tetraploid was observed). The
lines were developed and maintained on L-15 basal medium supplemented
with 10% fetal bovine serum plus MEM non-essential amino acids, BME
vitamins, L-glutamine, and antibiotic/antimycotic mix. They can readily
be subcultured at split ratios from 1/2 to 1/10. The lines have to date
been tested for susceptibility to one virus of marine mammal origin,
specifically the seal herpesvirus (SEHV). All lines proved to be




susceptible to SEHV, with cytopathic effect (CPE) being produced most
rapidly and most extensively in the lines from Stenella attenuata. The
CPE produced consisted of focal lesions in the monolayer having the
appearance of grape-like clusters. A similar CPE has been reported in
other mammalian cell lines susceptible to SEHV (e.g. Vero). The lines
have also demonstrated broad susceptibility to human viruses
representing the viral families of Herpesviridae, Poxviridae,
Rhabdoviridae, Picornaviridae, Paramyxoviridae, Reoviridae, Togaviridae,
and Bunyaviridae. Specific viruses tested included herpes simplex
virus-1; vaccinia virus, vesicular gtomatitis virus, echovirus-11,
subacute sclerosing panencephalitis virus, measles virus, réspiratory
synctial virus, parainfluenza virus-3, and reovirus-3. The broad viral
" susceptibilities of the four cell lines are a favorable indication of
their potential for use as viral diagnostic tools for marine mammals.

CONCLUSIONS: The studies have demonstrated the presence of four of the
major mammalian immunoglobulin isotypes in cetaceans, and have resulted
in the development of techniques for purifying these isotypes. . The
physical and physiological characteristics of the isotypes identified
and purified to date are similar to corresponding isotypes in humans and
other animals. ELISA's developed using whole killed E. rhusiopathiae or
the 64 kDa "protective" antigen from E. rhusiopathiae permitted rapid
and sensitive quantitation of levels of anti-E. rhusiopathiae in
cetaceans. Application of these ELISA's to a series of dolphin serum
samples indicated evidence of more exposure to E. rhusiopathiae in open
ocean pens than in captive environments with closed systems. The broad
viral susceptibilities of the six cetacean lines developed and ‘
characterized indicate excellent potential for their use in detection
and isolation of cetacean viruses already identified as well as viruses
not yet isolated. The lines are subcultured with ease in a standard
media formulation, all lines show rapid growth at normal incubator
temperatures and all have relatively high plating efficiencies

SIGNIFICANCE: The cetacean isotypes may be purified for use in isotype-
specfic immunoassays or for comparative immunology studies. The
immunodiagnostic (ELISA) assays which were developed to provide a rapid
and sensitive means to monitor exposure to a major bacterial pathogen of
cetaceans, E. rhusiopathiae. The tissue culture lines which have been
developed and characterized are being distributed to interested
laboratories as tools for isolation, growth and study of marine mammal
viruses. They also provide an in vitro tool for physiological or
biochemical studies of cetaceans. ' '

PATENT INFORMATION: No applications for patents resulted from this
project '

AWARD INFORMATION: None
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